Summary Hip fracture incidence is not known in India. This retrospective study was conducted to evaluate hip fracture incidence rates in Rohtak, a single district of North India. A total of 304 patients from this district with hip fracture were hospitalized during the calendar year 2009. The crude hip fracture rates were found to be 159 and 105 per 100,000, respectively, in women and men above the age of 50 years. Hip fracture is a significant health problem in North India.
Introduction
Osteoporosis and falls are major health problems in elderly populations and are associated with fragility fractures at the hip, spine and wrist. Hip fracture contributes to both morbidity and mortality in the elderly [1] . The demographics of world populations are set to change with more elderly living in developing countries and it has been estimated that by 2050 half of hip fractures will occur in Asia [2] . There is a worldwide geographic variation in hip fracture incidence [3, 4] . The highest hip fracture rates are seen in North Europe and the USA and lowest in Latin America and Africa. Asian countries such as Kuwait, Iran, China and Hong Kong show intermediate hip fracture rates [5] [6] [7] . This could be because of difference in latitude, genetic or ethnic differences and environmental factors [8] .
Despite being the second largest emerging economy and second largest populated country in the world, there are few studies in osteoporosis and none that describe hip fracture rates from India. According to rough estimates, there were approximately 25 million people with osteoporosis in India in 2001 [9] . Vitamin D deficiency, a risk factor for osteoporosis, is also widely prevalent in the general Indian population and 80 % of Indian patients with hip fracture are vitamin D deficient [10] . In the background of widespread vitamin D deficiency and a rapidly increasing elderly population which is predisposed to falls, it is likely that hip fracture would be an important public health problem in India in the coming years. The aim of the present study was to determine the incidence of hip fracture in the Rohtak district, Haryana state of North India.
Methods
The study was conducted in the Rohtak district of India located at latitude (north) 28′-38′-54″ and 29′-03′-36″ and longitude (east) 76′-09′-12″ and 76′-52′-30″ (Fig. 1) . Rohtak is one of 21 districts in Haryana state and has a total area of 1,668 km 2 . Rohtak district was chosen for important reasons. Being a regional orthopaedic centre, it can be presumed that subjects who have hip fracture visit either Pandit B.D. Sharma Postgraduate Institute (PGI), a tertiary care hospital, or one of the other four orthopaedic centres in Rohtak. These are Civil Hospital, Dr. Ishwar Singh, Dr. Moda and Dr. Mudgil Hospitals located in the district of Rohtak. Pandit B.D. Sharma PGI is a university teaching hospital and treatment is provided free of cost. In addition, there are no large orthopaedic centres near Rohtak, which deal with serious orthopaedic problems. Therefore, patients residing in other districts of Haryana state with hip fracture and other orthopaedic problems also visit this institution for treatment. Pandit B.D. Sharma PGI at Rohtak has a computerised medical record department and case sheets of last 15 years are filed systematically and can be accessed with permission from head of departments. Other hospitals also maintain computerised records. The possibility that a small proportion of elderly were not brought to these hospitals for medical attention following hip fracture cannot be excluded. We do not at present have a mechanism to determine the exact proportion of such patients.
This was a retrospective study. The medical records including surgical notes and radiography of the four hospitals from January 1, 2009 to December 31, 2009 were reviewed to identify patients with hip fracture in all age groups during second half of 2010. Hip fracture was defined as clinical and radiological evidence of fracture of the proximal femur (ICD-10 S72.0-72.2). The case sheets of hip fracture patients were identified by ICD-coded computerised hospital record from PGI and using admission registers and computerised records from other three hospitals. The diagnosis of hip fracture was validated with a diagnosis from orthopaedic surgeon, radiographic report and operation notes as described in the case files. Hip fractures due to high-energy trauma, metastatic disease and secondary to cyst were excluded from analysis. The information was collected in a predesigned proforma by a health professional. Important information included age, sex, type of fracture and place of residence. Subjects from other districts of state were excluded from the study. Projected population of 2009 based on 2001 census was used as a denominator to calculate the hip fracture incidence. This district population data were available from the District Deputy Commissioner's office. Ethical approval was obtained from Pandit B.D. Sharma PGI, Rohtak. The data were recorded in Microsoft access data sheet. Stata 10 system was used to calculate age-specific hip fracture rates per 100,000 population at Lifecourse Epidemiology Unit, MRC, Southampton, UK. Chi-squared tests or Fisher's exact tests were used to find the difference in incidence rates between men and women.
Results
A total number of 543 patients with hip fracture were identified during calendar year 2009 from Rohtak district of North India (Fig. 1) . Majority of these patients (n=435) were from PGI, Rohtak and rest from other four hospitals. Among these, 315 (58 %) were women. The mean age was 58.2±19.3 years. The number of trochanteric fractures was 375 (61 %), and those of neck femur were 158 (30 %). The rest of the fractures were due to pathological causes. Out of the total of 543 patients with hip fractures, 304 were from Rohtak district and rest from other districts and therefore excluded from the study. The lack of any significant orthopaedic facilities in the neighbouring areas makes it unlikely that patients from Rohtak would go elsewhere for medical attention. The projected population in 2009 based on 2001 census was about 1.15 million. Table 1 and Fig. 2 show the age-specific hip fracture incidence rates in the study population. There was an increasing trend of hip fracture incidence with increasing age in both men and women. The highest rates seen were 962 in women in age group 90-94 and 638 in men in age group 85-90 years. The crude hip fracture rates were 159 and 105 per 100,000, respectively, in women and men above the age of 50 years. The hip fracture rates in women seem to be higher compared to those in men; however, there was no statistical difference between the two sexes across all age groups Discussion This is the first study to find out the hip fracture incidence from the Indian subcontinent. The major findings of our study are that age-specific hip fracture incidence rates in Rohtak, a North Indian district are 159 and 105 per 100,000 in women and men, respectively, above the age of 50 years.
Further the study shows that with increasing age, hip fracture rates increase exponentially reaching 962 per 100,000 in women in the 90-94 age group and 638 per 100,000 in men in the 85-90 age group.
There are no data on hip fracture incidence from India; however, hip fracture incidence in Indians has been reported from Indians living in Singapore [11] . The first attempt to study hip fracture from India was in year 1963 from Kanpur, an industrial city in North India [12] . This study described 92 hip fracture subjects from a large hospital. The authors concluded that the average age of occurrence of hip fracture among Indian population is 10 years lower to that of Western population and maximum incidence was found in the sixth and seventh decade of life. It was further observed that the number of these subjects had osteoporosis based upon radiological and histological methods. The mean age from this study in Rohtak district is 58.2 years which is comparatively lower compared to that in the Western population. More recently, hip fracture rates were studied in Indians living in Singapore as part of large population above 50 years from 1991 to 1998 [11] . Based on the national population census 1990 and yearly population estimates, the hip fracture age-adjusted rates for 1991-1998 were 152 in men and 402 per 100,000 in women. Among the three major Fig. 1 Geographic location of Rohtak district in North India [3, 4] . The crude hip fracture incidence rates above 50 years in India as found in the present study are similar to agestandardised hip fracture rates from population-based studies in South Korea, South East Asia (Thailand and Malaysia) and Iran [6, 13, 14] . The incidence rates in the present study are also close to those crude rates reported from Mexico above the age of 50 years and China (Tangshan) above the age of 70 years [15, 16] . However, these are lower than the agestandardised rates from other advanced Asian countries such as Japan, Hong Kong, and Singapore and Western countries [17] [18] [19] [20] . Our results show higher incidence rates compared to age-standardised rates reported in China (Shenyang) and crude rates reported from Venezuela and African countries [21] [22] [23] . In the present study, the age-specific incidence of hip fractures in women seems to be higher compared to men. However, this difference was not statistically significant. The studies from Hong Kong and Singapore have shown a sex difference in the hip fracture rate; however, a study from China did not report any difference [6, 21] . Secular trends are available from many countries especially from industrialised world. A recent review on secular trends in hip fracture has shown that there is a decline in hip fracture rates in some industrialised countries [24] . A similar decline in hip fracture has been reported from Finland in recent years [25, 26] . However, hip fractures in India are likely to increase in the coming decades because of an increase in elderly population which would be predisposed to osteoporosis and falls, the two of the major risk factors for hip fracture.
Haryana state is a prosperous state and ranks at the top in India after Goa for per capita income. The state's per capita income has been pegged at Rs 56,280 (USD 1,200) at current price. Additionally, it is also a major milk and milk product producer and consumer. Currently, the per capita availability of milk is 680 g as compared to national average of 258 g. This study may not necessarily represent hip fracture incidence across India. However, if one were to apply these data to estimate hip fracture rates to the population across India, the annual number of hip fractures in India would be 81,724 in women and 61,083 in men above the age of 50 years. The current life expectancy in Indian population is 67.4 and 72.6 years in men and women, respectively, and this is set to increase in the coming decades. This will put a huge burden on India's health resources which is still to come out of the burden of infectious diseases.
The study has several limitations. Indian population is diverse in genetic background, geographical location and socioeconomic status. Therefore, the results of this study may not be applicable to the whole of Indian population and more studies are needed to be carried out from different parts of India. The sample size is small and is from one district in North India. In India, census is held every 10 years and the last census before the study period was in 2001. Therefore, the projected population of 2009 as per Census of India was used for analysing the results in this study. The study is based upon a presumption that patients with hip fracture in Rohtak district visit one of the orthopaedic centres in Rohtak. Although unlikely, it is possible that a small number of these cases might have gone to other centres. The present study shows a decline in hip fracture in women in the age group 80-89 years which is due to smaller fracture numbers and a possibility that that few of very elderly women with hip fracture are managed at home.
To conclude, this epidemiological study is a first attempt to evaluate hip fracture incidence anywhere in India. The hip fracture rates in this study are intermediate between industrialised world and Africa and similar to some of Asian countries such as China, Iran and South Korea. The hip fracture incidence among men is somewhat similar to as reported from Indian men living in Singapore. Considering its increasing rate in the elderly population, hip fracture is likely to become a huge socioeconomic burden in India. Thus, this study underscores the importance of hip fracture as a public health problem in India and calls for urgent steps to prevent osteoporosis and fragility fractures across India.
